| INTRODUCTION
Glycated haemoglobin (HbA1c) is one of the most useful and relevant laboratory tests currently available. Not just for monitoring diabetes to adjust treatment and avoid complications, but also for its diagno-
sis.
1 This aspect is especially crucial in Europe, where the number of people with diabetes is estimated to be 59.8 million (9.1% of the population aged 20-79), including 23.5 million undiagnosed cases.
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In addition to its power as a diagnostic and monitoring tool, HbA1c
has many advantages when compared to other tests involved in diabetes management. HbA1c is an indicator of the glucose levels in the previous 3 months, it is not invasive, benefits from standardised methodology and sample stability, there is no gap between sample collection in primary care centres and laboratory analysis, and is very affordable. 3 However the potency of any laboratory test, regardless of its intrinsic potential as a diagnostic, monitoring or detection tool, is given for the correct or incorrect use in each patient or specific setting.
In 2008, we first detected an inappropriate HbA1c over-and also under-request in patients with and without diabetes in eight health departments (HDs) in Valencia community. 4 The same results were observed in every one of the primary care centres. 5 Since 2010, two national scale studies to compare laboratory test ordering in Spain (REDCONLAB), further showed a high variability for HbA1c demand in primary care 6 and a global, significant, and potentially dangerous under-request. 6, 7 In the earlier studies, not enough collaborators were available to compare the regional differences in the request between the Spanish autonomous communities (AACCs).
Given the crucial role of the test in diabetes diagnosis and management, especially in younger, healthy and newly diagnosed patients 8 we considered the need for additional research.
Our hypothesis was that still the request of HbA1c from primary care is rather heterogeneous among HDs and could be different between Spanish Regions, which is a potential opportunity to improve the request.
The aim of the actual research was to study the variability and appropriateness in the request of HbA1c in primary care, and differences between regions.
| MATERIALS AND METHODS
Every Spanish citizen possesses the Individual Health Care Card, which lets access to public health services throughout the National Health System. Spain is divided in 17 regions called AACCs composed by HDs that cover a geographic area and its population, and have several primary care centers, and usually a unique hospital with a laboratory to attend the needs of every HD inhabitant.
A call for data was posted via email and addressed to the participants of previous REDCONLAB studies. A LinkedIn group was created.
(https://www.linkedin.com/in/redconlab-grupo-a5663bb7). Spanish laboratories willing to participate were invited to fill out an enrollment form and submit their results online.
Laboratories were required to obtain data from local Laboratory Information System Patient's databases and to provide organizational data. The number of HbA1c requested for 2014 by all general practitioners (GPs) was reported by each participant.
Test-utilization rate was expressed as tests per 1000 inhabitants.
The index of variability was calculated, as the top decile divided by the bottom decile (90th percentile/10th percentile).
Laboratories were grouped in the different AACCs, when more than 4 participants, and a group joining the results of the rest, and codified by numbers because of confidentiality. HbA1c per 1000 inhabitants was compared between the different AACCs.
To investigate whether HbA1c was appropriately requested to manage patients with diabetes, the real request was compared to the theoretically ideal number, according to prevalence of known diabetes mellitus in Spain (8.1%) 9 and guideline recommendations (HbA1c test at least two times a year); it also was compared to the necessary amount to diagnose diabetes in asymptomatic patients (HbA1c every 3 years when older than 45), taking into account the demography of the Spanish population. 10 The theoretically number of HbA1c tests was expressed in absolute numbers for the population studied, and as HbA1c per 1000 inhabitants. Each participant was also asked via email for the reagent price of HbA1c to calculate the medium cost of HbA1c and the overall incremental expenditure that would have been estimated for performing additional HbA1c to manage diabetic patients and for the diagnosis.
Descriptive statistics was generated for test-utilization rate. The differences in the indicator between AACCs were calculated by way of Kruskal-Wallis test analysis. A two-sided P ≤ .05 rule was utilized as the criterion for rejecting the null hypothesis of no difference.
All analyses were performed using SPSS for Windows, Version 22.0 (SPSS Inc, Chicago, IL, USA).
| RESULTS
A total of 110 laboratories participated in the study, corresponding (Table 1 ). There are significant differences (P < .05)
between AACC 1 and AACCs 3, 4, 5, 6, 7, 9 and 11; between AACC 2 and AACCs 3, 4, 5, and 9; between AACC 4 and AACCs 7, 8, 10, and 11; between AACC 5 and AACC 6, 7, 8, 10 and 11;  and between AACC 10 and AACC 11.
| DISCUSSION
A high variability and a significant burden of under-request for HbA1c in every HD was observed, as demonstrated in previous studies.
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Differences were observed between AACCs, that almost doubled in the most demanding when compared to the one with the lowest demand.
Close to three million HbA1c tests were requested in primary care in 60%
of the Spanish population. However, more than eight million would have been necessary according to guideline recommendations. No single HD reached both the guideline goals to diagnose and manage the disease. HbA1c/1000 inhabitants regarding autonomous communities.
Although there is an overall over-request of laboratory tests in primary care in Spain, [11] [12] [13] HbA1c is a different scenario. This study shows a pattern similar to that observed in the previous REDCONLAB studies, 7 with a significant burden of under-requesting of HbA1c in all the 110 laboratories included in this survey. The fact that there are additional HbA1c uses in primary care, as arterial hypertension or subjects without diabetes <45 years with symptoms or family history could even aggravate the problem.
Individual initiatives for a better HbA1c request have been designed and established, as automatic laboratory-based strategy to improve the diagnosis of type 2 diabetes in primary care. 14 The obtained results, showing significant differences among AACCs, suggest however that the demand could be influenced by regional habits, and highlight that a major awareness and acknowledgement of this problem would be necessary to promote interventions at a regional scale for the best HbA1c request and consequently the best diabetes management and diagnosis.
A limitation of our study could be the difficulty of its application to non-public environments, with no specific population or inhabitants to be covered.
There was a high variability and significant differences between Spanish AACCs. Also a significant under-request of HbA1c was observed in Primary Care in Spain. The high prevalence of diabetes worldwide, the usefulness and easy availability of HbA1c, and potential automated strategies to improve demand based on laboratory information systems indicate the need to make efforts at a regional scale through communication and consensus for a better HbA1c request. 
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